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CIRCUIT APPARATUS OPERABLE UNDER HIGH VOLTAGE 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The invention relates to a circuit apparatus, and more particularly to a circuit 
apparatus having a low-voltage device that is operable under a high voltage 
source. 

Description of the Related Art 

With the development of the semiconductor manufacturing processes, the 
density of transistors on a chip or die is getting higher and higher. However, the 
operation voltage of the chip is getting lower and lower. If a chip, which is 
manufactured by so-called the 0.13-micron CMOS (Complementary Metal Oxide 
Semiconductor) process and the operation voltage can be as high as 1.2 volts, 
operates under the voltage of 3.3 volts, the chip will be damaged in a few seconds 
due to the 3.3 volts, which is the conventional operation voltage, exceeds the 
breakdown voltage of the chip formed by the 0.13-micron process. However, 
several chips are formed on a circuit board, so a commonly specified output 
amplitude has to be reached in order to communicate data among these chips. As 
for the digital signal, the usual output amplitude is 3.3 volts. In order to make the 
output amplitude of the signal reach 3.3 volts, the manufacturer usually provides 
one or more devices, of which the operation voltage is 3.3 volts, for input/output 
circuits. The device, which may resist 3.3 volts, has a gate insulation layer having 
a thickness almost the same as that of a device manufactured using the 0.35- 
micron CMOS process. 

In the aspect of the analog communication, the analog communication 
protocol is usually provided for the long-distance signal transmitting and 
receiving. For example, the analog communication protocol may be used for the 
information interchange between two computers. Since the analog communication 



l 



02P040-US 



protocol is used in the long-distance signal transmitting and receiving, it is 
necessary to consider that the signal may be influenced and attenuated owing to 
the wire or cable. Consequently, these communication specifications require a 
greater output amplitude such as 2 volts. If the advanced process, such as 0.13- 
5 micron process, is to be used to manufacture the analog communication circuit, 
the devices that operate under the voltage of 3.3 volts. Since the device, which can 
operate at 3.3 volts, has a gate insulation layer having a thickness almost the same 
as that of a device manufactured using the 0.35-micron CMOS process, its 
operation speed is much slower than the device that operate at 1.2 volts. 

10 Therefore, the chips usually must have two kinds of devices that may have 

two different operation voltages, respectively. One kind of the devices may have a 
low operation voltage and a high operation speed, while the other kind of devices 
may have a high operation voltage and has a low operation speed. Therefore, it is 
problematic to design an analog circuit that may have a high operation voltage 

15 while having a high operation speed. 

SUMMARY OF THE INVENTION 

An object of the invention is to provide an analog circuit apparatus having a 
low-voltage device operable under a high voltage. 

Another object of the invention is to provide an analog circuit apparatus that 
20 operates at a high speed under the high voltage. 

The invention achieves the above-identified objects by providing an analog 
circuit apparatus to be connected to a high voltage source and including a 
transistor and an interface unit. The transistor has a low operation voltage lower 
than the high voltage source and a breakdown voltage. The interface unit is 
25 coupled to the transistor in series to prevent the low operation voltage higher than 
the breakdown voltage. 

The interface unit of the above-mentioned analog circuit apparatus may 
include a resistor and a capacitor connected to the resistor in parallel. 

The interface unit of the analog circuit apparatus may include a high- 



2 



02P040-US 



voltage-resistant NMOS transistor having a high operation voltage greater than 
the low operation voltage, and a gate for receiving a first control signal, which is a 
low- voltage signal when the analog circuit apparatus is in a power-saving mode. 

The interface unit of the analog circuit apparatus may include a high- 
5 voltage-resistant PMOS transistor having a high operation voltage greater than the 
low operation voltage, and a gate for receiving a second control signal, which is a 
high-voltage signal when the analog circuit apparatus is in a power-saving mode. 

The interface unit of the analog circuit apparatus may include a high- 
voltage-resistant NMOS transistor and a high-voltage-resistant PMOS transistor 

10 connected to the NMOS transistor. The NMOS transistor has a high operation 
voltage greater than the low operation voltage, and a gate for receiving a first 
control signal, which is a low-voltage signal when the analog circuit apparatus is 
in a power-saving mode. The PMOS transistor has a high operation voltage 
greater than the low operation voltage, and a gate for receiving a second control 

15 signal, which is a high-voltage signal when the analog circuit apparatus is in a 
power-saving mode. 

According to the above-mentioned configuration, it is possible to operate 
the low-voltage device under the high voltage source so as to meet the current 
requirement of the circuit design. 

20 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic illustration of an analog circuit apparatus of the 
invention. 

FIG. 2 shows a schematic illustration of a first embodiment of the invention. 

FIG. 3 shows a schematic illustration of a second embodiment of the 
25 invention. 

FIG. 4 shows a schematic illustration of a third embodiment of the 
invention. 

FIG. 5 shows a schematic illustration of a fourth embodiment of the 
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invention. 

FIG. 6 shows a schematic illustration of a fifth embodiment of the 
invention. 

FIG. 7 shows a schematic illustration of a sixth embodiment of the 
5 invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a schematic illustration showing a circuit apparatus of the 
invention. As shown in FIG. 1 , the circuit apparatus may be regarded as including 
a PMOS transistor 10 and an interface unit 30; as including an NMOS transistor 

10 20 and an interface unit 30; or as including a PMOS transistor 10, an NMOS 
transistor 20, and an interface unit 30. The circuit apparatus including a PMOS 
transistor 10, an NMOS transistor 20, and an interface unit 30 will be described as 
an embodiment. At least one of the PMOS transistor 10 and the NMOS transistor 
20 has a low operation voltage lower than a high voltage source VDD, and both of 

15 the transistors 10 and 20 have their individual functions to achieve their specific 
objects. For example, the PMOS transistor 10 may have a first breakdown voltage 
and may operate under a first operation voltage, and the NMOS transistor 20 may 
have a second breakdown voltage and may operate under a second operation 
voltage. Avalanche breakdown is caused in the PMOS transistor 10 or the NMOS 

20 transistor 20 if the transistor operates under the high voltage source. The interface 
unit 30 is interposed between the PMOS transistor 10 and the NMOS transistor 20. 
For example, the PMOS transistor 10 has a source S connected to the high voltage 
source VDD and a drain D connected to one end of the interface unit 30. The 
NMOS transistor 20 has a source S connected to a ground voltage VGND and a 

25 drain D connected to the other end of the interface unit 30. Thus, the PMOS 
transistor 10, the interface unit 30 and the NMOS transistor 20 are connected 
serially. If the high voltage source VDD is individually applied to the PMOS 
transistor 10 and the NMOS transistor 20, the PMOS transistor 10 and the NMOS 
transistor 20 are quickly burn out because the high voltage source VDD exceeds 
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the breakdown voltage of each of the PMOS transistor 10 and the NMOS 
transistor 20. Alternatively, if the drain D of the PMOS transistor 10 is directly 
connected to the drain D of the NMOS transistor 20, the PMOS transistor 10 and 
NMOS transistor 20 will also be burn out. By properly designing the interface unit 
30, it is possible to make the voltages across the PMOS transistor 10 and the 
NMOS transistor 20 suitable for the normal operation of the above-mentioned 
transistors. The configuration of the interface unit 30 will be described hereinafter. 

FIG. 2 shows a schematic illustration of a first embodiment of the invention. 
Referring to FIG. 2, the circuit apparatus of this embodiment includes a PMOS 
transistor 10, an NMOS transistor 20, and an interface unit 30. The interface unit 
30 includes a resistor 32 and a capacitor 34 connected to the resistor 32 in parallel. 
The resistor 32 may share a portion of the voltage difference (VDD-VGND) to 
define the voltage differences across the PMOS transistor 10 and the NMOS 
transistor 20, which are low-voltage devices, within the resistant range for the 
low-voltage devices. That is, the voltage differences across the PMOS transistor 
10 and the NMOS transistor 20 are lower than the breakdown voltages of the 
PMOS transistor 10 and the NMOS transistor 20, respectively. Consequently, the 
PMOS transistor 10 and the NMOS transistor 20 are free from being burn out. In 
an analog circuit apparatus that operates normally, the current magnitude of the 
circuit apparatus is almost determined when the design is made. If the current is I 
in the original circuit apparatus and the desired sharing voltage difference is V, the 
resistance may be set as F_=V/L 

However, the resistor and the parasitic capacitor in the circuit apparatus 
cause a pole to delay the signal and slow down the operation speed of the circuit 
apparatus. Consequently, the capacitor 34 connected to the resistor 32 in parallel 
is added to cause a zero to offset against the pole so that the operation speed of the 
circuit apparatus is free from being influenced by the additionally added resistor. 

FIG. 3 shows a schematic illustration of a second embodiment of the 
invention. Referring to FIG. 3, the interface unit 30 of this embodiment includes a 
high- voltage-resistant NMOS transistor 36 having a high operation voltage greater 
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than the low operation voltage, and usually having a third breakdown voltage 
higher than the first breakdown voltage. Under some design considerations, the 
NMOS transistor 36 may also has a third breakdown voltage equal to or smaller 
than the first breakdown voltage. The gate G of the NMOS transistor 36 is 
coupled to a first control signal V PSI of the power-saving mode, and the first 
control signal V PSI is a low-voltage signal when the circuit apparatus is in the 
power-saving mode. 

The NMOS transistor 36 may operate in the triode region and the saturation 
region. 

When the NMOS transistor 36 operates in the triode region, it may be 
regarded as a resistor having a resistance R that may be expressed in the following 
equation: 

R « (1) 3 

wherein fi 0 denotes the electron mobility of the MOS transistor, C ox 
denotes the gate oxide capacitance, and V T denotes the threshold voltage. 

Under the normal operation, the resistor may cause a voltage difference to 
share a portion of the voltage difference (VDD-VGND) and make the voltages 
across the PMOS transistor 10 and the NMOS transistor 20 meet their resistant 
voltages. The resistance is designed in the same way as the first embodiment. 

When the NMOS transistor 36 operates in the saturation region, the low- 
voltage NMOS transistor 20 coupled to the source S of the NMOS transistor 36 
may be regarded as a current source for providing current controlled by the gate 
voltage in the aspect of the small signal analysis. In this case, the NMOS 
transistor 36 and the NMOS transistor 20 form a cascode current source, which 
has an output impedance greater than that of a single NMOS transistor. If the 
output impedance of the original NMOS transistor 20 equals to rol, the output 
impedance of the cascade current source formed by adding the NMOS transistor 
36 operating in the saturation region equals to rol*(gm2*ro2), wherein gm2 is a 
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small-signal transconductance coefficient of the NMOS transistor 36 and ro2 is an 
output impedance of the NMOS transistor 36. 

In the power-saving mode, the NMOS transistor 36 serves as a switch that is 
turned off. After it is turned off, all the terminals in the low-voltage NMOS 
transistor 20, which is coupled to the source S of the NMOS transistor 36, are kept 
at the ground voltage VGND. On the other hand, all the terminals in the low- 
voltage PMOS transistor 10, which is coupled to the drain D of the NMOS 
transistor 36, are kept at the high voltage source VDD. Consequently, the PMOS 
transistor 10 and the NMOS transistor 20 will not encounter any high voltage 
problem in the power-saving mode. It is to be noted that the CMOS transistor may 
be used to replace the NMOS transistor 36. 

FIG. 4 shows a schematic illustration of a third embodiment of the invention. 
Referring to FIG. 4, the interface unit 30 of this embodiment includes a high- 
voltage-resistant PMOS transistor 38 having a gate coupled to a second control 
signal V PS2 of the power-saving mode, and the second control signal V PS2 is a 
high-voltage signal when the circuit apparatus is in the power-saving mode. 

The PMOS transistor 38 also may operate in the triode region and the 
saturation region. 

When the PMOS transistor 38 operates in the triode region, it may be 
regarded as a resistor having a resistance that may be expressed by the same 
Equation (a) as that of the NMOS transistor 36. 

Under the normal operation, the principle is the same as that of the second 
embodiment, and the function of the resistance is the same as that of the first 
embodiment. 

When the PMOS transistor 38 operates in the saturation region, the low- 
voltage PMOS transistor 10 coupled to the source S of the PMOS transistor 38 
may be regarded as a current source for providing current controlled by the gate 
voltage in the aspect of the small signal analysis. In this case, the PMOS transistor 
38 and the PMOS transistor 10 form a cascode current source, which has an 
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output impedance greater than that of a single PMOS transistor. If the output 
impedance of the original PMOS transistor 10 equals to rol, the output impedance 
of the cascade current source formed by adding the PMOS transistor 38 operating 
in the saturation region equals to rol*(gm2*ro2), wherein gm2 is a small-signal 
transconductance coefficient of the PMOS transistor 38 and ro2 is an output 
impedance of the PMOS transistor 38. 

In the power-saving mode, the PMOS transistor 38 serves as a switch that is 
turned off. After it is turned off, all the terminals in the low-voltage NMOS 
transistor 20 ? which is coupled to the drain D of the PMOS transistor 38, are kept 
at the ground voltage VGND. On the other hand, all the terminals in the low- 
voltage PMOS transistor 10, which is coupled to the source S of the PMOS 
transistor 38, are kept at the high voltage source VDD. Consequently, the PMOS 
transistor 10 and the NMOS transistor 20 will not encounter any high voltage 
problem in the power-saving mode. It is to be noted that the CMOS transistor may 
be used to replace the PMOS transistor 38. 

FIG. 5 shows a schematic illustration of a fourth embodiment of the 
invention. Referring to FIG. 5, the interface unit 30 of this embodiment includes a 
high-voltage-resistant NMOS transistor 36, and a high-voltage-resistant PMOS 
transistor 38 connected to the NMOS transistor 36 in parallel. The NMOS 
transistor 36 has a gate G coupled to a first control signal V PS1 of the power-saving 
mode, and the first control signal V PS] is a low-voltage signal when the circuit 
apparatus is in the power-saving mode. The PMOS transistor 38 has a gate G 
couple to a second control signal V PS2 of the power-saving mode, and the second 
control signal V PS2 is a high-voltage signal when the circuit apparatus is in the 
power-saving mode. 

Both the NMOS transistor 36 and the PMOS transistor 38 may operate in 
the triode region and the saturation region. 

When the transistors 36 and 38 operate in the triode region, they may be 
regarded as a resistor having a resistance R that may be expressed in the following 
equation: 
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R * 1 m 

Von C oxn (V gsn -V m ) + Mop C oxp (V CSP - V TP ) W * 

wherein ^ 0N denotes the electron mobility of the NMOS transistor, C OXN 
denotes the gate oxide capacitance of the NMOS transistor, and V TO denotes 7e 
threshold voltage of the NMOS transistor; and denotes the hole mobility of 
the PMOS transistor, C OXP denotes the gate oxide capacitance of the PMOS 
transistor, and V TP denotes the threshold voltage of the PMOS transistor. 

Under the normal operation, the principle of the resistor is the same as that 
of the first embodiment, and detailed description thereof will be omitted. 

In the power-saving mode, the NMOS transistor 36 and the PMOS transistor 
38 serve as a switch that is turned off. After it is turned off, all the terminals of the 
low-voltage NMOS transistor 20 are kept at the ground voltage VGND, and all 
the terminals of the low-voltage PMOS transistor 10 are kept at the high voltage 
source VDD. Consequently, the PMOS transistor 10 and the NMOS transistor 20 
will not encounter any high voltage problem in the power-saving mode. 

For example, the interface unit of this invention may be applied to a 
differential amplifier to operate the differential amplifier at high speed without 
being bothered by the voltage resistant problem of the low-voltage device. FIGS. 
6 and 7 show schematic illustrations of the fifth and sixth embodiments of the 
invention, respectively. Referring to FIGS. 6 and 7, each of the differential 
amplifiers equipped with the interface units of the invention includes five MOS 
transistors 41 to 45(51 to 55) and two interface units 30 disposed as shown in the 
drawings. Vip and Vin denote the input voltages, and Vop and Von denote the 
output voltages. Vbn and Vbp denote current control voltages to make the circuit 
operable in the predetermined current. According to the function of the interface 
unit 30, it is possible to prevent the low-voltage device from receiving a high 
voltage. Consequently, in the above-mentioned differential amplifier, the low- 
voltage MOS transistor may be utilized to achieve the object of high-speed 
operating. 
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Although the embodiments are described with reference to the PMOS and 
NMOS transistors, any transistor meeting the above-mentioned properties may be 
utilized and is regarded as within the applicable range of the invention. 

While the invention has been described by way of examples and in terms of 

preferred embodiments, it is to be understood that the invention is not limited to 

the disclosed embodiments. To the contrary, it is intended to cover various 

modifications. Therefore, the scope of the appended claims should be accorded 

the broadest interpretation so as to encompass all such modifications. 
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